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TPHE OEIOZEJ OF "EE EARTH 

____ - I - --. - 

Less than 1% of the stlbatance of the earth is accessible t o  direct  

study.  For this reason correct idem of the s t ractum of the earth and 

the processes w h i c h  take place i n  i t a  inter ior  can be formed only by q 

of comprehensive at i l igat ion of a l l  available data, pbyeical, geophysical, 

geochedcal, geological, astronomical, aad cosmogonic. 

the origin of the earth is based not 0- on inforeeation about aar planet, 

The t h e o q  of 

but also on a large quantity of data on the solar s y s t e m  and the fndivid- 

ual bodiee ai rhiah it ia mede up. 

substantially increaaes the number of supporting facto and, in particular, 

Drawing upon the cosmogonic theory 

permits valid use t o  be made of comparative Crnalysis of the structare and 

hevelopmnt of the earth and the planets related t o  it, ea well aa of the 

numerous data on the meteorites. Planetary c o a o g o ~  plays an important, 

and a t  times even decisive, part in study of mcrh questions as the 

coPPpoeition of the earth Bpd the nature of the earth's dense oore, the 

heterogeneie of the interior of the earth and at0regn-t of the polee, the 

thermal history of ths earth and the procees ai h;lrrion of the earthts 

crrust * 

at the conclusion tbat ths planeta were formed tp. aocumulation of cold 

solida and part ioles .  Of part icular4  p a t  eigniiicanm t o  geopbysica 



0 

was 0,  Tu. Shrafdt'8 conclrraiun that the earth was hi t ia l ly  cold aad o d y  

later was heated BB the result of acclrrmrlati%n of radiogenic heat. 

The majori- of i n v e s t i g a t o r s  throughoat the world (0.Turi 4. Urefl], 

F. H o y l e ,  To Gold, and Otaere) hare kv now arrived at the same fuads;lpental 

c oncluaions . 

conditions" of the problem 0. Tttri, The m e t  important "boumhq 

conditions" include both the meahanical lans governing the movement of 

the planets and reliable data 01% the structure and coraporrition of a13 

the bodies of the solar 8 y S k I I i o  Amid the evidence oodfrming the 

origination of the eaAh 'trJr the accilllrulation of cold bodies, speoial 

importance attachae to the d e f i c i t  n i thin the earth of elements which 

form volati le copapounde and of heav Inert gaserr* with sinmltaneoae 

retention both of non-volatile elements and of elements of medium volati l-  

iiq (mer-, cadmium, zinc), f 

4 

In erplanation of the d i s t r ibu t ion  of angular momentum between the 

sun and the planets, 0. Tu. Shmidt advanced the hypothesis of capture of' 

matter the sun for construction of the plnnnts. The cap- of a 

swarm of bodies wa8 first a88wwd, and then, a f t e r  it had been ascerta-d 

tha t  the relatively larga bodiee from which tbr, planets rere directly 

formed appeared in ths environa of the sun, the assumption vas advanced 

of capture of a protoplanetary cloud of gas and dust1. 

1. In 0. Yu. Sbmidtts f i r a t  ar t ic les  on cosmogoq, the bypotbsis of 
capture of protoplanet- matter by the eun was incorlcectw considered t o  
be the basis for explanation of the formation of the planets. This er ror  
was rectified in the fjots, 
Theory O f  The Origin Of The Earth" that "the t h e o q  of formation of the 
planets from a cloud of gas and dust and explanation of all the fundti- 
mental features of the solar ayetea are logically independent of the 
lPrp0theSb conceIning the ori@a af t h i s  ~ l c m d , ~  Bmrtholees,  objeotiona 
t o  the w o t h e s i s  of' capture uf p r o t o p h w  matter eontirnu t o  be 

It is emphasized in "Four Lectures On The 

reprSm*d st *- (lil ObjW*i- *R Q i  TU? Shridtt8 thee=. 
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I diaSinguiSa two atagesr 

ths Cloud into a flat dicrg and its deooatpoeition into clusters eubae- 

quentb united in intemmdiate bodiee of the Bise of asteroids, and the 

second, accurmlation of the planeta frost tb 6- of aeteroid bodies 

arid frsgmenis af *&e la t ter .  

condunsation and evaporation of eolid pu-ti~les, prweeded With particular 

intensity during the first stage, but a b 0  continned dxaring thu aeaoPd. 

They rere c1useI.y related t o  thr rpechgnfcsl evolution, accuauahtion af 

larger bodies bringing abmt change in the transparenq of the spaces, 

ths firsf, gathering OP the dast campollent Oi 

' 

The perrical and chemical proeea~tee, 

and at the same t b  ia the temperature conditions* 

chemfcal conditions al80 cantinned i n  the interior of' the asteroid bodies, 

particularly tra g result of thefr radioactive heating. 

Ths phpioal and 

Study of the phyrrioal and ohentical aspect of evolution of the 

3 
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in ta9lperatn.m conditions in the internal and elttemal sones of the 

cloud explain8 the existence bofh of the -1 hut denee p l a n e t s  of t;he 

earth group, consietizrg of non-volatile substances, an8 aP the gimt 

planets of l o w  denai* containing volat i le  contpounds and elements, 

inaludbg hydrogen. 

in partioulax, %a BP integral  effect  of the tmuperature cmditionn in the 

But the  conrposition of each planet, ami the earth 

“alhentation sombn of the given planet, which changed in the uamrse ab 

the 8ccr;larPhtion of the latter, and f i a t  fs more, differed somewhat on 

the internal arid external boundaries of t h i s  gone. 

Precise eolution of the m c h a n i c ~ l  problem of accumulation of the 

planeta calla fo r  the d e v e l o p n t  af new research methoda intermediate 

betmen e t a t i s t i ca l  ce les t ia l  aechanica tud e t a t i a t i d  phpice.  what 

is imolved is study of th8 kinemstica of the processes h a  ~ T Q ~ V ~ X I ~  

a y g t e m  of gravitating bodiea of variable 1~~88, in which inelastio 

coll ieions occur which soaretimes lead t o  fractionation and sometimes t o  

unification of the bodiee. 

nrust be studied i n  approximation. 

the makbg of a sufficiently r e l i a b b  evaluation, for example, of the 

tempo and duration of formation of the earthr 

A t  the present t h e  the mecbanical evolution 

Do- thi8 doee not, however, prevent 

’phe question of the composition of the dense core of the e&, 

w u c h  comprises about o-third of the earth.8 - 8 9  has remained Vagzre 

up t o  the present time, 

00128 f o r  a centurg and a half, Rzwmey’s m o f h e s i s ,  which ascribes 

After predominance of the wpothesis of an iron 

formation of the core t o  pbase transformation of s i l i ca t e s  into a deme 

metallie s t a t e  under the influence of high presmre9 made i t a  appearance 

several pare ago. 



I '  

Plannt yass 

I -  

Amrage densi-, g/cm 3 

._- 

* 

H e r c w  0.0543 4.5 - 5*5 

nmtcrllurgical fmnaoee 

earth and a bypothetical planet1116 decompositt.ion uf which alleged.l7 

gave rise t o  mfeorites. 

It la te r  caam t o  be based an anslosy between the 

V e n w  0.84 

Ii we proceed on the bash ai the Eorpataeaia of an iron cure for 

the earth and coqare the average densities of the plaasta of tlae e& 

group (see Table), the conclusion is inescapable tha t  thsir oontent of 

metallic iron, ard of iron in general, diifers.  Bu8, i n  the eesth and 

5.0 f: 0.1 

Ten- the iron content should under this ~ o t h e s i s  muu+ t o  S b O t z t  49p, 

but ahould be much lese i n  Mara, and eepecisllf in the moon. 

Mare 
Moon 

0 . 107 
0 . 01226 

~~ -~ 

The attempla at coamogodo explanation of these differences made in 

recent years by 0. Y u r i  (1950-1960) and Ch. Ringwood (1959) have not 

proved ~ u c c o s ~ ~ ' ~ ~ .  In8uprable difficult iea pewiEIt oren r i t h i n  the 

frarwnork d the highly a r t i f i c i a l  e&eerss propoeed by these anthore. 

Wing the era of predominance of the uoncepts of a "molten" 

initial s t a t e  of the earth, formation of the iron oore waa assigned t o  

thia stage. 

body arose, formation d the iron oore began t o  be ascribed to gravita- 

t ional differentiation which etarted after radioactive heating and 

softening of the earth's interior. 

LBter, when the opinion t h a t  the earth was f o w e d  as a cold 

H w e v e r ,  tha drrotili.t). of the  interior 

5 



iir so great that BVBP the enorpsopB iron inclasions (tens ami fr~ndredr~ 

of pretew in dimaeter) would ham had t o  "sinkm at a negligibly -11 

s p e d  and would not have been able t o  deacend tarard tb cen te r  and farm 

a core, even during the bill ions of p a r a  of the earth88 e3tiBtence. 

It baa recently been ascer tahd by ezperiPaente on the irppact 

compreeaion of iron that tha densie  rb the cam iu too great at tb 

p m ~ e ~ r e s  prevailing in it. 

made t o  lower the density ky increasing the temperature, sharred that 

agreemnt with the actual density is achieved only at an u m e a l i s t i o a l u  

high core temperature, if we asarzlne, for er;slatple, the presence in the 

core of am admkkure of si l icon or magaesiarp, Inat th i8  would mean 

rejection of the analogg with the iron meteorites. 

lphe ealculationa, in which an attempt was 

The merit of Bampw's hypotheeia, which determined it8 acceptance 

a number of geoIJbysicists, is the conelusion regarding the approxi- 
2 mately identical  composition of the planets of the earth group and the 

moon; because of it the problem of gravitational differentiation daes 

not ariae.  

Bamsey hireself gave no calculations of' the phage transformations in 

the s i l i ca t e s  or even in the oxides, merely referr- t o  eimilar calcu- 

lationa f o r  hydrogen. A theoretical calculation for nragneaium oxide 

mmde r e c e n t 4  a t  the 0. Tu. sbpridt Barth P h p i c ~  Institute, and erperi- 

ments on the  impact compression of dunite yielded no phase tramsformation 

at a pressure of 1.4 million atm (the preasure a t  the baundaq of the 

2. Mercury, the 8veraa;e density of which is t o o  great (see Table), iS 
apparently the only exception. 
Mercury, being the planst nea;rest the sun, waa formed fran'partioles more 
great4 heated by the sun or  was even condeased under conditions af 
increaaed temperature. 
problem of inreetigation of the pwsieal cud ohemleal evolution of the 

This nrety be ascribed t o  the  f ac t  that 

Elucidation of thiol question i. one of the 

PmtOplsnetarJI cloud. 

6 



8ume bvestigatora have used these d o g i e s  8-n rhen w r b o l i c  veloci- 

ties were mcribed t o  meteorites, i.e., d e n  tw were considered as 

bodies of in te ra te l la r  origin. 

gmmbemhip of meteoriten in the rrolar syetem hag now been firml3. 

eetsbl isbd.  

s i t ion  of meteorites i n  order to Judge the caetposition of the earth. 

If the iron core ~ ~ t h ~ i s ,  which iwolres  the inference of a 

This permits dra- with good cause on d a h  an the aanpo- 

different iron content I n  the planets of the earth grotlp, fs  adopted, it 

fa natural t o  asstame that the planets rill be found t o  differ one fruu 

the other, spd from the meteorites, in the content of other elementa. 

ff, on the other hand, Elamseyts bypothesb i s  adopted, as see1118 

proper t o  as, a patch greater s f e f l a r i w  ia t o  be erpec-ted between the 

contpogition of the earth and tbst of the nmteorites, both the mantle ani 

the earth aa a whole being imohed  i n  this 0888. 

(but not mineralogical) oomposition of the earth 88 a whole may in the 

first approrimation be considered t o  ooincide with the aversge campoeition 

of meteoritic matter. 

arerage d e n e i e  of meteoritic Patter serve8 aa codirmation of tbs 

'pbs average chedcal 

'phe faat that the dene iv  of the aoon is near the 

C m & W 0 8  O f  thb &88URtptiOn* 

7 
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Of coarse, the composition of * met;eorites ~ a 3 1  eharacteriee 

the earth's content only of eleaerrts which ibrn o d y  nor+volatile 

coqmunda at temperatures of the order of OOC. 

c a u t i w  in dealing, for example, with oqrgen, which fornre both non- 

vo la t i l e  and volat i le  ccxiapoopde at these tenit>eratursa. 

one narst ta extreme* 

But for the 

elements rMch form only d i f f i cu l t4  frrsible c- there axe 

indications tbat the cgppoaition of the mantle, and poasible all tbs 

earth,  differs from the conrpoeition of the miaorites.  Such clifferenoes 

are nattural. The asteroids, of w h i c h  the rasteorites are fragments, were 

f o w e d  farther from the ~ u p  t h a n  w8f3 e h h ,  Le., wd8r different 

temperatnre oonditions. 

junction of the tom of earth planets aad the sono of giant planets. 

z k s h g  the age of the i r  formation, when interplanetary space ' 1 ~ ~ 8  still 

_ -  

The asteroids are fortnd at tbe poin t  of 

f i l l e d  w i t h  diapemed matter and hem opaqps, they beloaged t o  the cold 

eone. B e  queetion of harr much colder it rae then than now i n  the eone 

of forma%ion of the ecurth and of how telnperatrurta Zn the region of the 

earth differed from those in the region of the asteroide, has not thus 

far been atudied. 

, 

It muat not be forgotten thst l i t t l e  is known of the averagts 

composition of meteorit is  mstter. 

the 8 4 1  xm?%r tar unrebliabiliv of ths analpee of flpoamon elements 

The trouble does not a t  a l l  l i e  in 

(radioactive oms, for example). We are completely ignorsOt of the 

composition and quanti* of the fr iable  bediem completely destroyed in 

the atmosphere and thua not reaching ua. 

for the differing deetruction of iron and stone ereteoritee in the 

atmephere. 

of the average onmpoeition and adopt ehondritee, mateoriterr of the 

We cannot even properly account 

For th ie  reason 8- authors refrain from orski= evaluations 



w -  - - - - 

0 

aonii~mneart iqp, acr specifpen8 af difficuftu fueible protoplanstsrg 

matter. bite recently, however, indfcatio~fig haw3 began t o  a c u w l a t e  

that it is not the “ o r d h a q w  chondrites tmt a rare rar ie ty  of t h e m ,  the 

C W b O B a C e a p S  Chondrites, W h i c h  best C h s r a C t e r i G e  tbe COtapU8itiOn O f  t h b  

mattero =her research must u l a r i f z  the extent to rhiah th. uarbona- 

CBBPII chondrZtes rpay at  tbs stam time be oonrriderrd t o  be fb, b u t  

8pecritDsn of t e r r e s t r i a l  metter. 

Despite vagueness 8nd difficult ies,  the coneopt of a meteoritic 

i n i t i a l  o q o s i t i o n  of thrB shell has prowd to be f ru i t fu l  in several 

m 9 s p e O t f h  Above all ,  it haa p6witted qtm.ntitative eqlanat ion of the 

heat f l o w  c d n g  from ths in te r ior  of the earth toward the ~urf‘ace. 

Ever nerer confiwstiona are acctuaulating of the iaot that meteoritio 

matter (or matter sippilax t o  it) ia a euitablo initial mbstance for 

fusion of t he t  earth’s oruat. 

Formation of the earth accumulation of asteroid bodies and 

fragntents of the latter moving in the endrone, of its orbit permits tb 

aseumption of a distribution of the bodies and fragments such that a f e w  

large bodies brought t o  earth more matter than did the countless small 

particlee.  

large bodies up to several haPdred kilometers in dislPeter, 

The earth g r e m  uhiefly LLB tb result of the falling t o  it of 

Had these large bodies been of abo lu te ly  identical  composition, the 

result ing interior of the earth w o u l d  be jllet 86 h w l r e a  88 in the 

a w e  of its p a n t h  00% of e p ~ a l l  p8trticles. HOW8TBCp the differences fn 

the content of nickel and certain other  elemntq in tifa, iron meteorites 

iPdicate tbt thew were also diiferenoee in tho uoPporJition of their 

“parent” bodi88, the a 8 t e r O i d s .  

9 
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S i n c e  differences exist  in composition within th. l-ta of ths 

contemporaq aiiteroid ring, it may be a~surred that tha asteroid bodios 

fo-d w i t h i n  the limit8 of the earth's "alimentation eone" &o bad no 

rigorowsu uniform ccmpeition, and together with thie ,  slightly 

differing densitg.. For this reason the fallirrg of large bodies to 

b t ~ r ,  i n  the oonrse of radioactive heating Bpd partial Fualon of 

the interior, the aertain heterogeneiv of i t a  c q s i t i o n  must have l ed  

t o  uneven fusion of the matter of the e&h*e ornet. 

also the reaaon for the existence af i t a  continental and oceanic 

portions. 

This possibly b 

Aay dieplacement of large nrasees mean8 drforrPation of the ea r th t s  

e l l ipsoid of inertia and rrmst cause shifting of ths axis of rotation 

mIatiV8 t o  th8 earth, L e o ,  moveumt Of tb 'phe h8terogeneit;r 

of the earth's interior may be the reason for movement of' the poles, 

owing both t o  the irregularity af the procese of m i o n  of the earthta 

crust  and t o  shift ing of the Interior masses9 subsidence of the heavy 

region8 and floating up of the light ones, rhiuh runst have begun after 

softening of the inter ior  88 it becanw, heated. 

kilometere in diameter, differences in denaity even smaller than 

0.1 g/om are sufficient for beginning of etaoh mmemnt. 

For regiona hundre~b of 

3 

- - --Be progress of many important proaeaeee taking pla08 in the earth's 

interior,  i n  particular the progreos of m i o n  of' the earth18 crust  frosl 

the oPatter of the mantle, is d e t e d n e d  by the tbmml  historg of the 

earth. 

i n i t i a l  e ta te  of the earth, it RLB held that tho ipndanental gravitational 

(ami together with thie aheaical) differentiation of telluric matter 

Raring the era of predominance of the connspts of an incandescent 

10 



1 the ea.rth.8 interior, 8 gradual fomation of the e,artb*a crust which b 

at3.u #?oatj.?mimg. 
I In a l l  ualculationtl of the  thermal history of the initial4 cold I 

earth, the latter's average content of radioactive eleaents is aaimned 

t o  be the same as i n  the meteorites, The value of the content of these 

element8 in meteorites has been appreciably zledtaced in recent pars, 
I 

1 t o  the application si inprcmud methods of' analpia* ai ls  earlier 

comparison of heat release in %he earth w i t l a  the f l o w  coming fran the 

in te r ior  torard the Burface and 108% i n  space led t o  the aonahaion of 

continuing accumulation af heat in the earth, it folkma from later data 

that wm are soniewhere in the region of a gently sloping themal peak of 

the-plutonic parts of the earth, 

throughout the mantle the contemporary temperature should have exceeded 

the fusion temperature, and for this reaeon it was w c e e e q  t o  assume 

an amorphofll3, bat solid, state of l l~t ter .  

' "  

4 
- __ 

dcoording t o  earlier data, ahost  
I 
I 

dcoording t o  later data, the 
I 
I 
I fusion temperature is reached 0- in a certain thick 3ayer located a t  

a depth of aeveral hxndred kilometers. This agrees with the conclu8ion8 

of seismology aad geouhsmistry that the earth*e cmst miis not fused frCra 

a l l  the mantle, but only fram i t a  upper part. 
I 

Even with uniform distribution of radioaotire aonrces of heat over 
I 

I 

the earth, rn already cooling outer eone and 8 oentral region continuing 

t o  heat up met have coexisted in the ear th  fn certain 8tageS of evolution, 

Braapation of the radioaotire elenmnts from the upper part of t b  rpsntle 

I 

I 

c 

11 
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into t h e  crtlcst i n  the omrse of' f o n t i o n  of the latter great* compli- 

cates thi8 picture. It is possible that the%Ontirming f o m t i o n  of t b  

e m a t  leads t o  rise in t;ex1~6ratrUut in region of the llohorovicio 

portion of the Baptle and continued heat- of tb lower portion of thr, 

mntle and the etare. 

meteorites was assumed t o  be ten time8 greater than it is nm, it waa 

not c l e w  rrhether the content w a ~  sufficient t o  sxplaip the contemporasy 

incandescent state of the earth's interior. How we not od,y are satisfied 

w i t h  a content of these elements which is 

addition are striving t o  establish it with an acouracy greater than can 

be sfforded by analyses af msteoritee. 

staf'ficient data on the t o t a l  heat flaw irradiated 

and, moreov8r, w know l i t t l e  abaut the heating capacity of the  i R C a n d e 8 -  

cent matter of the earth's interior and the lsre of redistribution of 

times earaller, bpt in 

U~Sortarrateb, re do not hare 

the earth in to  spa069 

radioactive elemente in the coprse of formation of the earthte cruat. 

For this reason ne cannot deternine the average oontent af radioactive 

elemente a i t h  greater pmcieion by considering th6 earth aloxm. But we 

s i ~ m l i z ~ n e a Q  eonsidering ths thermal re3y on achieting auccess 

histoq of the moon (as w e l l  aa Yara). 

In the earth, owing t o  i ts  great 111888 and the enormous pressure in 

ita interior,  the fusion temperature r isee appreciably w i t h  increasing 

depth. 

pa,rt of tbe mantle. 

(partiel or  to t a l )  must have ensued h o s t  immediatel;). i n  the broad 

central region. 

For thie reason the fusion temperature i a  not reached in the lower 

The pressure in the moon is sl ight ,  and fueion there 

This led t o  a omam8 of dl f fe ren th t ion  of the inter ior  



W U c h  W f e r e d  frapP that of earth. 

being concentrated i n  tkm firat melts, the Rrdioactint elements lauat 

largef;). have been evacuated frani the entire volume of' ths POOP toward 

the s e a o e .  

elements &e t o  their decq, long ago lad t o  t - i t ioa froar beating to 

oooU.ng of ths moon. 

O a h g  t o  their okta.raalieristics of 

This, togetbsr w i t h  redoofion i n  tbs rmppl;r of' theme 

In other respects %he developlent of the interior of the =on 

conformed t o  the conte- conaepts of development of the earth's 

interior. 

which might hare l e d  to  endogenic formstion of such peculiar relief 

forms Bpd the lunar cratere. !Fke latter are neithsr toloanio COZSB nor 

oalderas. 

bombardment of the moon br the bodies rhioh f o m d  it. 

element eontent of the moon mrtst hare been 8 ~ c h  ae t o  en~urc) partial 

fusion of its interior rhile bombardment of i t a  eurface by enormous 

bodies continued, Formation of the lunar lava weeas* and lava-inundated 

cirques occurred during the concluding etagea of *hie bombardment. 

The doreloperent wan not aacollrpanied by q unnrmal processes 

The lunar cratere are of exogenio origin connected with the 

Ths radioactive 

# 

The questions under discusrrion of etudy of the composition of the 

core and ppantle of the earth, the heterogensit). of i t 8  fnterior, and its 

thermal history do not erhnnat all the problennr in the solution of w h i c h  

the t h e w  of the earth'e origin and planetar7 oofx~ogorry in  general play 

an important part. We shall give two examples. The unity of composition 

of the earth and moon ia naturally accompanied by a similarity i n  the 

rheological properties of their matter. 

of the moon, whioh haa been preserved for bi l l ions  of years, share that 

lunar matter, lika that of the earth, po8eams aureep threshold. 

The disequilibrium of the shape 

The 
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oblate nature of the moonts dynantic shape is apparently t o  be ascribed 

t o  i ts  solidification i n  a state of free rotation which waa subaequentSy 

retarded as a resu l t  of dissipation of energy in  the so l id  tides, i re r ,  

due t o  the non-ideal e h t i u i t y  of its matter. A sfmilar phenomenon frss 

now been diacovered in t e l l u r i c  anbstance In E ~ U W  of the oolid tides of 

tho earth, but q&itatire Study of #a phon-non fs o o q l i c a t e d  by 

the eriatenccl on the earth of marins t ides  a8 well. Them are no suoh 

t i des  on the moon, and f o r  -8 reaaon it irr t o  be hoped tha t  study of 

the h i s tow of rotation of the aoon rill p a t 4  assist " t e l l r u i u W  

XW80mChr 

The second example pertaim t o  another region. It play a t  first 

glance appear surprising that the origination of the earthla bydrospheru 

and atmosphere is poaeibly cloaely related t o  the origination of the 

gigantia cloud of coarefe rhioh, 88 1198 established fa. Oort  (1950), 

now surraunde the solar aystern. 

this cloud w e r e  ejected from the eone of formation of the giant planets 

during the concludirq stage of this process. 

'Fhe i ce  uores of the coslsts making up 
I 

Soam of them traversed the 

in t e r io r  zone of the p l a n e t a q  eyetern and sometimes collided with the 

Future research w i l l  ahor whether t h h  waa the principal meam 

whereby the earth aoquired volatile substances, or whether the latter 

entered its compoeition through the asteroid bodies of the earthre own 

"alimentation zone," which were similar t o  the carbonaceous chondrites. 

? 
In keeping with the questiona disuuesed abwe, three basic directione 

nrey now be indicated for further research in to  planetary cosmogoqy7 ones 

rhiuh exre of the  greatest importanoe for 8-Q of the eartha a t u Q  of 



. 
the pbysical and chemical evuluticrn 09 plane- matter4 etudy of the 

process of sccmlat fon  of planets; compar8%2ve 8tudy of the phnetil of 

the earth group and the moon. 

B08etrrch i n  the f h t  direction mtst cover a wide range of questions 

conuernfrrg pr- condensation of sol id  particlee i n  the protoplanstery 

olarid (*t rith ths dirirrrsnt e o t b s s e a  am t o  i t m  migin), o l s r i f i -  

cation of the role of volati le subatanues in the  tone of the pfgnekr of 

the earth grQup, and lo8ses of volati le eubeknoee by asteroid bodies 

and accumulating planets due to change in erternal temperature conditione 

and internal heating. The questioner of the forrPation a& oomposition of 

be studied. 

The principal astronomical r e e u l t ~  of this reeearch will be estab- 

liahment of the deperrdenoe of the omposition of planets on their distance 

from the sun, olarification of the origin of lreteoritee of various types, 

and determination of the structure of' canet cores and meteoric particles 

of comet origin. 

by study of the difference between tbe coatposition of the earth and t h a t  

of meteorites and evaluation of the ertext  of heterogeneitt. of the earth's 

The greatest interest  t o  geop&aice rill be presented 

interior,  evaluation of the iron uonbnt in the earth for the purpose of 

clar i f icat ion of the nature oi the earth% oore, and, lastly, atudy of 

the or- of ths or- a.trpOephere and ktydroephere ai 

leying of a c?os~~gonicp foundation for theories of the origin of' petroleum 

and life on the earth. 

earth and 

Research in  the second direction must be aieed at study of the 

process of fowation of ssteroid bodies and at aocoplltb!ig for the 

phenocsena of fractionation a d  gradpal growth of v e l o o i 9  dispersion 
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upon the 

new preo 

subsequent accnmuhtion of pliinelzs. 

se research methods and the uae ofWm appr-te methods of 

Both the e l s b m t i o n  of 

physical a t a t i s t i c s  will be r e q u i r e d  for thia  pprpoae. 

It is t o  be aasunred that this research nil1 lsslrs it poesible t o  

atrcertain the duration of formation of the indiedud p u t s  and e s t b t a  

t he i r  i n i t b l  temperature, t o  provide is correct devblopurnt of the "law 

Oi plaadiaq distances" which accounts far the cronnection between this 

l a w  and the massee of planete, and t o  study the origin of the s a t e l l i t e s  

of planeta. 

determination of the duration of' fommtion of the earth and the i n i t i a l  

distribution of temperature along the radius, evaluation of the quanti* 

of the ice cores of cawta wbieh have fallen to the  earth, a d  study of 

the rise of' the axial rotation of the ear th  and i t a  subseqoent history. 

Besolts of great importance t o  geopbysica will be precise 
___- 

Besearoh i n  fhe thi rd direotion must cover comparative study of the 

thermal h i s t o q b d  development of the interiors of the planets of the 

earth group and of the moonr the  h i s t o q  and composition of the i r  atmoe- 

pheres, and, lastly, thorough apalyeis of t he i r  average densities. On 

the one hand this research rill assist astronomical observers in mce1c 

k i n i n g  the physical conditions on the surface of planete, and on the 

other w i l l  persrit precirre determination of the oontent of radioactive 

elelpsnts in fhb earth and trace its thbrpsl  history, rhich determinee 

the eoplge of fusion of the cruet from the mantle, a d  deterplipe more 

accurately the distribution of denaity along the radius of the earth and 

reveal the role of differentiation of t e l l u r i c  matter. 

b 

Developnt  of the theorg of the origin of the earth, which is an 

Anseparable part of planetary cosmog04 as a whole, mpreaents one of the 

m o s t  promising methods of 80lVlng a a q  g e O P b ; y 8 i O a l  problem. 

16 


